Questions: How do rodents with cyclic population dynamics affect seedling recruitment in alpine habitats? Does disturbance from rodents have larger implications on seedling recruitment in some plant communities than in others?
Introduction
Disturbances, i.e. the mechanisms that limit plant biomass by causing its partial or total destruction (sensu Grime 2001) , are important in shaping plant communities (Pickett et al. 1999; Walker 2012) . In arctic-alpine communities, both abiotic and biotic disturbances are important. Disturbances from herbivores can even counteract climate-driven vegetation change (Post & Pedersen 2008; Olofsson et al. 2009 ). It is therefore of interest to reveal both the direct (through grazing) and indirect (e.g. creation of microsites for seedling recruitment through trampling) impacts of herbivore disturbances on plant communities to more fully understand the dynamics of tundra communities and to better predict the responses to climate change.
Small rodents strongly affect plant community structure, diversity and ecosystem functioning (Hulme 1994; Olofsson et al. 2005; Rebollo et al. 2013) . For instance, North American pocket gophers (Thomomys bottae) and plateau zokors (Myospalax fontanierii) act as ecosystem engineers by generating distinct patterns of soil heterogeneity (Reichman & Seabloom 2002; Zhang et al. 2003) . In Scandinavia, the cyclic fluctuation in small-rodent population densities observed in the Norwegian lemming (Lemmus lemmus) and the voles Microtus agrestis, Myodes rufocanus and Microtus oeconomus, create a cyclic disturbance regime that regularly has high impacts on the vegetation cover in arctic-alpine habitats (Stenseth 1999; Ims & Fuglei 2005) , which are even visible on satellite images (Olofsson et al. 2012) . Their effect on tundra plant communities has been shown to be stronger than that of large herbivores (Olofsson et al. 2004) . In addition to the plant biomass they consume, these arctic-alpine rodents also impact their habitats through activities such as trampling, cutting, burrowing (Hamb€ ack et al. 1998; Turchin & Batzli 2001) and through deposition of urine and faeces, which increases the overall nitrogen availability (McKendrick et al. 1980; Jonasson 1992) .
Bare soil offers space for colonization (Rusch & Fern andez-Palacios 1995) , and rodent disturbances are expected to increase the availability of vegetation gaps, thus creating suitable microsites for seedling emergence (Eskelinen & Virtanen 2005; Mayer & Erschbamer 2011) , even though successful recruitment can take decades (Forbis et al. 2004) . Austrheim et al. (2007) found that the amount of exposed soil was positively related to rodent grazing in alpine habitats. On the other hand, high frequencies and intensities of disturbance could also cause high seedling mortality due to herbivory and trampling (Weltzin et al. 1997; Munier et al. 2010) .
Abiotic factors such as temperature, light, moisture, wind and the availability of nutrients are crucial for seedling emergence (Grubb 1977; Chambers 1995) . Seedling density varies in tundra vegetation, with high germination in moist and productive habitats, declining with increasing levels of environmental stress (Bell & Bliss 1980; Milbau et al. 2013) . Vegetation composition in alpine habitats also affects recruitment dynamics, with the number of emerging seedlings being closely related to the regenerative strategy of the species in the mature vegetation (Welling & Laine 2000) . Fewer seedlings emerge in heath vegetation, which is dominated by perennial clonal species compared to meadows and snowbeds with high forb richness (Gough 2006; Graae et al. 2011) .
Lemmings and vole species use tundra habitats differently, depending on the availability of preferred food plants and the distribution of snow (Batzli 1975; Saetnan et al. 2009 ). Snowbeds and heaths are habitats frequently used by both lemmings and voles (Moen et al. 1993) . Disturbances could be expected to have a higher impact on recruitment in habitats with favourable germination conditions as in snowbeds, whereas abiotic factors may be more limiting in heath vegetation. The role of rodent disturbances on seedling recruitment in snowbeds has been studied (Eskelinen & Virtanen 2005) , but the relative importance of disturbance for the recruitment of plants in snowbeds vs. heaths has not yet been explored.
In addition to the presence of bare ground caused by disturbance, the cover of mosses, lichens and litter can contribute to spatial variation in seedling numbers (Rusch & Fern andez-Palacios 1995) . Cover of mosses and lichens is often found to be inhibitory for germination and seedling survival, depending on the plant species (Hobbs 1985; Zamfir 2000; Eckstein et al. 2011; Soudzilovskaia et al. 2011) . Lemming grazing can decrease the cover and abundance of mosses (Virtanen et al. 1997; Austrheim et al. 2007 ). On the other hand, lichens are non-preferred forage and likely unaffected by rodent herbivory (Virtanen 2000; Soininen et al. 2013 ), but could be affected by trampling. Depending on habitat productivity (Suding & Goldberg 1999) and litter amount (Loydi et al. 2013) , litter can inhibit (Dalling & Hubbell 2002) or have no influence (Welling & Laine 2000; Forbis 2009 ) on seedling emergence. Some studies suggest that grazing and other rodent activities prevent the accumulation of plant litter (Sirotnak & Huntly 2000; Virtanen 2000) , while Moen et al. (1993) found that winter lemming grazing in snowbeds increases the amount of litter. Lemmings and voles could therefore also indirectly have an impact on alpine plant recruitment through potential interactions with the bottom layer, which -to the best of our knowledge -are not well explored in the literature.
In this study, we investigated the impacts of lemmings and voles on the recruitment of new plant individuals in alpine habitats. We collected data on seedling emergence and rodent activity in two alpine habitats; snowbeds and sheltered heaths, in the low-alpine zone in two mountain regions in Norway in a rodent peak population year and in the following low-density year. We expected that: (1) disturbances from lemmings and voles would enhance seedling emergence, as their activity would affect the ground cover and create vegetation gaps that provide microsites suitable for recruitment; (2) this effect would be stronger the year after a rodent population peak when little direct disturbances such as trampling and grazing were exerted; (3) the number of seedlings emerging would differ between habitats according to differences in the degree of use by rodents; and (4) at equal levels of rodent disturbance, seedling recruitment would be higher in snowbeds than in sheltered heaths, since snowbeds have more favourable conditions for seedling recruitment.
Methods

Study sites
The study was carried out in two mountain regions: Dovrefjell (62°29′ N, 9°40′ E) in central Norway and Børgefjell (65°27′ N, 14°10′ E), ca. 350 km further north (Appendix S1). Both regions are characterized by having large ranges in altitude and precipitation, and in each region, three study sites were established in the low-alpine zone. At Dovrefjell, the Forollhogna site is located within the Forollhogna National Park, whereas the Hjerkinn and Grøda-len sites are located within the Dovrefjell-Sunndalsfjella National Park. At Børgefjell, all three sites (Kjukkelen, Tiplingan and Ranseren) are located within the Børgefjell National Park. The characteristics of the study sites are shown in Table 1 .
Lemmings and voles are present in both study regions. Over the past 20 yr, rodents in Børgefjell have had regular population peaks, while in Dovrefjell the peaks have been rather irregular, with comparatively low densities until recently (Fig. 1) . Both regions experienced a peak in 2010-2011, followed by a low-density year in 2012. Note that the numbers in Fig. 1 are from the trapping of rodents during autumn (September), whereas records of rodent activity in this study are from June to August. The peak in Dovrefjell started to build up earlier, and also appears to have crashed earlier compared to Børgefjell, which resulted in the low catch seen for Dovrefjell in autumn 2011 (Framstad 2013) . Børgefjell is an important area for reindeer husbandry (Evju et al. 2010) , while Dovrefjell has wild populations of reindeer and muskoxen, as well as a long history of extensive grazing by sheep (Hagen et al. 2006 ).
Sampling and field design
At each site, we subjectively located a total of nine transects of 50 m each in habitats without tall shrubs at three altitudinal levels in the low-alpine zone (Fig. 2) . We observed the vegetation at each meter along the transect and classified it as either ridge, exposed heath, sheltered heath or snowbed habitat, with this study focusing on snowbeds and sheltered heaths. The snowbed habitat occurs in depressions and has a short growing season due to long-lasting snow cover. The vegetation is dominated by herbs, graminoids and mosses, and by Salix herbacea L. in late-melting areas. The sheltered heath habitat is located in sites with comparatively more exposed topography with earlier snow melt, and is dominated by the dwarf shrubs Empetrum nigrum subsp. hermaphroditum (Lange ex Hagerup) B€ ocher and Vaccinium myrtillus L.
For this study, we randomly selected plots of snowbed and sheltered heath habitat along the transects. In most cases, each transect had five plots, but sometimes up to ten or only one plot were selected, depending on the occurrence of the habitat type. Vegetation and rodent activity were recorded within each plot (a 0.5 m 9 0.5 m quadrat divided into 16 subplots). In 2011 vegetation records included the total number of seedlings present without recording the species identity, but including adult individuals of annual plants (primarily Euphrasia spp.) in four pre-selected subplots. We recorded the number of subplots per plot with grazing marks, tunnels and faeces (each with a range of 0-16). The percentage cover of bottom layers (mosses, litter and bare soil) was visually estimated for the entire plot. The records were repeated in 2012; however, the bottom layer cover was recorded in the four seedling subplots only, and we also included the cover of lichens. Since the plots were not permanently marked in the first summer, exact relocation was not possible in 2012. The total number of plots was 270 in 2011 and 272 in 2012, which is roughly balanced between sites and habitats (Appendix S2).
The fieldwork in 2011 was conducted in late June and in August in Dovrefjell, and in July in Børgefjell. In 2012, the fieldwork was carried out in July in Dovrefjell, where late snowmelt resulted in many waterlogged plots with newly exposed vegetation in two of the sites, and in the first half of August in Børgefjell (see Appendix S3 for more details on sample timing).
Statistical analyses
We used two indices as a measure of rodent activity in the plots. The first was based on records of rodent faeces only, and calculated as the number of subplots with faeces (range 0-16). The second index was based on independent records of faeces, grazing marks and tunnels present in the 16 subplots (range 0-48). All analyses were conducted with both measures of rodent activity.
To assess possible differences in the level of rodent activity between habitats and years, we used a zero-inflated generalized linear mixed model (ZIGLMM) fitted with the Table 1 . Characteristics of the study sites in: (a) Dovrefjell and (b) Børgefjell with latitude and longitude, altitudinal range, mean annual temperature, mean July and January temperature, annual precipitation and bedrock composition. Temperature and precipitation data are from the period between 1961-1990, interpolated to the centre of each site based on data from surrounding weather stations; see Tveito et al. (2005) 'glmmadmb' function in the 'glmmADMB' package (Fournier et al. 2012 ) with a Poisson error structure; consequently, all estimates are on a log scale. We used a generalized linear mixed model to account for the spatial dependency between plots within the same transect and a zero-inflated model because the rodent activity records had many plots with no signs from rodents (108 out of 544). The minimally adequate model was found by model simplification based on a comparison of AIC values and Wald tests. We tested whether seedling emergence was related to rodent activity and whether the correspondence differed between habitats and years. We used seedling counts as the response variable and rodent activity (Hypotheses 1 and 2), study region and habitat (Hypothesis 3) as explanatory variables, including two-way interactions (testing Hypothesis 4). The cover of bottom layers was included as covariates (lichen, litter, moss and bare ground), and separate models for 2011 and 2012 were constructed. The seedling counts were zero-inflated (many plots with no seedlings; Appendix S4), over-dispersed for the non-zero data, and non-independent (spatial dependency between plots within the same transect), thus ZIGLMMs with a negative binomial error structure 'NB1' were used, with transect as a random effect. The minimally adequate model for each year was found by successively including explanatory variables and two-way interactions. Comparison of AIC values and Wald tests were used for model selection.
Two outliers, a heath plot at Hjerkinn in 2011 with 90 seedlings, and a snowbed plot at Kjukkelen in 2012 with 70 seedlings, were excluded from the analyses because they had a large influence on the outcome of the analyses.
All statistical analyses were done using the software R, version 2.15.1 (R Foundation for Statistical Computing, Vienna, AT, USA). 
Results
Regional and between-year differences in rodent activity
The two indices of rodent activity produced similar results in the analyses, although only the results from analyses performed with records of rodent faeces are presented here. Rodent activity was higher in 2012 than in 2011 (b AE SE: 0.158 AE 0.052; Table 2 ), and the difference in rodent activity between 2011 and 2012 was smaller in Dovrefjell than in Børgefjell (significant study region 9 year interaction; Table 2 ). In the low-density year 2012, tunnels, holes, faeces and litter caused by lemmings and voles were still visible in the vegetation (Fig. 3a,  b) , despite the fact that the rodent populations had crashed (Fig. 1) .
Impact of rodent activity on seedling emergence
In 2011, a total of 665 seedlings were recorded in 99 plots, and no seedlings were found in the remaining 171 plots (Appendix S5), but there were more seedlings in Dovrefjell than in Børgefjell (b AE SE: 1.520 AE 0.484; Table 3a) , 415 and 250, respectively. Furthermore, rodent activity significantly explained the number of seedlings found in both regions (b AE SE: 0.086 AE 0.038; Table 3a ).
In 2012, a total of 1232 seedlings were observed in 152 plots, of which 543 were in Børgefjell and 689 in Dovrefjell, and in 120 plots no seedlings were found (Appendix S5). In contrast to 2011, there was no difference between regions in the number of seedlings emerged (b AE SE: 0.319 AE 0.298, P = 0.285), but in 2012, seedling emergence was also positively related to rodent activity (b AE SE: 0.086 AE 0.023; Table 3b ). In general, the number of seedlings recorded in the rodent low-density year was higher in plots which had experienced a high level of rodent activity before the populations crashed.
Interaction of ground cover and rodent activity on seedling recruitment
In 2011, the amount of bare ground was positively associated with seedling emergence (b AE SE: 0.110 AE 0.032; Table 3a ). There was a small positive main effect of litter cover on seedling emergence (b AE SE: 0.023 AE 0.011; Table 3a ), although with a negative interaction between rodent activity and litter cover, thereby suggesting that seedling emergence was highest in plots with a high rodent activity when litter cover was low. No effects on seedling numbers of moss cover were detected.
In contrast to 2011, there were no effects of bare ground and cover of litter on seedling emergence found in 2012, but the seedling number was negatively related to the cover of lichens (b AE SE: À0.031 AE 0.015; Table 3b ). A small negative interaction between rodent activity and moss cover suggested that fewer seedlings emerged in plots with high rodent activity when the moss cover was high.
Interaction of rodent activity and habitat on seedling recruitment
Rodent activity was higher in snowbeds than in sheltered heaths (b AE SE: 0.181 AE 0.059; Table 2 , Fig. 3a,b) . In 2011, the seedling number was higher in snowbeds than in sheltered heaths (b AE SE: 1.933 AE 0.474; Table 3a , Fig. 3c,d ), although the difference between habitats was smaller in Dovrefjell than in Børgefjell (significant region 9 habitat interaction; Table 3a ). As in 2011, significantly more seedlings were found in 2012 in snowbeds compared to sheltered heath habitats (b AE SE: 0.637 AE 0.222; Table 3b , Fig. 3c,d ), but in this case the differences between habitats were similar in both regions (no significant region 9 habitat interaction; Table 3b ).
We did not find any differences in either year between habitats on the effect of rodent activity on seedling emergence (no significant rodent activity 9 habitat interaction; Table 3a,b).
Discussion
This study reveals that small rodent population dynamics are an important driver of seedling recruitment patterns in alpine plant communities and that the disturbance from rodents is equally important for recruitment in snowbeds and sheltered heaths, even though seedling emergence in general is higher in snowbeds. Rodent activity interacts with bottom layers, including the cover of litter and Table 2 . Zero-inflated generalized linear mixed model (ZIGLMM with Poisson distribution) of rodent activity (records of faeces) as a function of habitat, study region, year and an interaction between study region and year (n = 544). The reference level (intercept) is the study region of Børgefjell and the habitat sheltered heath. The transect is the model's random factor with n = 57. The parameter estimates of random effects are not shown.
Fixed Effects
Estimate SE Z-Value P-Value 
Seedling emergence and rodent disturbance
We revealed the positive effects of rodent activity on the number of seedlings in both the population peak and the low-density year, as found by Eskelinen & Virtanen (2005) . The availability of open space is one of the main limitations for seed regeneration in many plant communities (Grubb 1977) , including arctic-alpine communities (Welling & Laine 2002; Graae et al. 2011) . Our results indicate that disturbances from rodents in peak densities (e.g. herbivory, grubbing for rhizomes, trampling in tunnels, digging holes, cutting of vegetation) create gaps in the vegetation where seedlings can emerge. Much of the influence of herbivores on plant communities is assumed to be indirectly caused through the alteration of abiotic factors (Mulder 1999) . For example, disturbed plots experience more temperature fluctuations than closed vegetation , which is important for breaking seed dormancy for many species (Fenner & Thompson 2005) . A higher light availability due to biomass removal is also beneficial for germination, particularly for small-seeded species (Grime et al. 1981) , and several species also respond to light quality, germinating only in gaps and not when light is filtered through the canopy (Silvertown 1980; Smith 1985) . Furthermore, the substantial amounts of faeces deposited in peak years could have a positive fertilization effect on seedling survival and growth (Chambers et al. 1990 ).
The impact of rodent disturbances on seedling recruitment appears to be a function of the ground cover. In accordance with Suding & Goldberg (1999) , we found a small, positive effect of litter cover on seed recruitment in the peak year, but there was also a small, negative interaction between rodent activity and litter, indicating that fewer seedlings emerged in plots with high rodent activity when the amount of litter was high. To some extent, these results are contradictory, indicating that both litter and rodent activity facilitate seedling emergence, although to a lesser extent when both litter cover and rodent activity are high. Lemming disturbance can result in a three-fold increase in litter due to the cutting of graminoids and mosses (Moen et al. 1993) . Thus, litter accumulation due to high rodent activity may counteract the positive effects of disturbance on seedling emergence, as high litter amounts may inhibit seedling recruitment (Loydi et al. 2013) . A negative effect of lichen cover on seedling emergence was found in the low-density year (lichen cover was not recorded in the peak year), and several factors related to the presence of lichens could contribute to the observed pattern: lichens prevail in dry environments, where the gap quality could be expected to be comparably low, a dense lichen cover reduces light availability and several lichen species have allelopathic effects (Hobbs 1985; Lawrey 1986; Zamfir 2000) . Mosses usually suppress seedling emergence (Eckstein et al. 2011; Soudzilovskaia et al. 2011 ), but in this study no main effect of moss cover on seedling emergence was found. Both herbivory and other activities by rodents could potentially suppress the negative effect of mosses by reducing the thickness of the moss carpet (Moen et al. 1993; Virtanen 2000) .
Rodent population dynamics and consequences for plant recruitment
As predicted, we found higher seedling recruitment rates in the low-density year compared to the peak year. Small rodents often have a substantial impact on seed populations through seed predation (Hulme 1994; Fox 2011) . Seeds are indeed common in the diet of field voles, but not for lemmings (Saetnan et al. 2009) , and it is possible that seed predation during the peak year may have contributed to lower seedling recruitment rates. Although seedling herbivory by lemmings and voles is considered to be negligible (Olofsson et al. 2005; Shaw et al. 2010) , it is probable that high rodent activity resulted in both seedling herbivory and damage to seedlings in the peak year, hence contributing to the lower number of seedlings compared to the low-density year. Moreover, many seedlings were observed in tunnels that were still visible among the vegetation during the low-density year (K.O. Nystuen, pers. obs.). Vegetative growth in alpine areas is a slow process (Evju et al. 2012) , and gaps created during the peak year could therefore be expected to still be available in the subsequent growing season, thus providing opportunities for successful seedling emergence when the disturbance intensity is lower. Between-year differences in recruitment could also be a result of differences in the availability of seeds in the seed bank or of other abiotic factors not measured, such as rainfall or temperature.
The cyclic population dynamics of lemmings and voles constitutes a disturbance regime with extensive disturbance and gap formation taking place at peaks typically occurring every third to fifth year (Angerbj€ orn et al. 2001) . Consequently, seedling recruitment patterns in arctic-alpine habitats should be reflected by the rodent population cycles, with an especially high recruitment in the year following a peak (Ericson et al. 1992) . Recurrent disturbances resulting in opportunities to reproduce by seeds every third to fifth year, followed by years with a much lower disturbance level, could be important to maintain species richness in arctic-alpine habitats by providing frequent opportunities for recruitment (Warner & Chesson 1985; Chesson 1986 ) and by preventing competitive exclusion (Chesson 1986; Chambers 1993) . The rodent population cycles have been fading out in many places in Scandinavia and in the rest of Europe over the past two decades (Ims et al. 2008; Kausrud et al. 2008; Cornulier et al. 2013) , and the absence of the regular disturbance regime could be hypothesized to influence plant recruitment patterns in these sites. In our southern study region Table 3 . Zero-inflated generalized linear mixed models (ZIGLMMs with negative binomial 'NB1' distribution) of seedling counts as a function of region, habitat and bottom layer covers in: (a) the peak year 2011 and (b) in the low-density year 2012. The reference level (intercept) is the study region of Børgefjell and the habitat sheltered heath. The transect is the models' random factor with n = 54 in 2011 and n = 55 in 2012. The parameter estimates of random effects are not shown.
Fixed Effects
Estimate (Gjershaug 1996) and 2006 (Fig. 1) . If the absence of predictable rodent cycles had resulted in a loss of -or reduced -population sizes of plant species dependent on the regular creation of open space for recruitment, lower seedling numbers could have been expected in Dovrefjell than in Børgefjell. However, our results suggest no such effect. The lack of differences in seedling emergence between the two regions could be due to few species and small populations relying on frequent disturbances in these arctic-alpine habitats, therefore comprising only a minor portion of the bulk of seedlings emerging in gaps. Another reason could be the importance of other sources of disturbance in arctic-alpine habitats, such as frost heave, snowmelt and grazing, as well as trampling from large herbivores, which may contribute to creating microsites for seedling emergence independently of small rodents. The additional positive effect of bare soil on seedling numbers in the peak year supports this, and is in line with the results from Shaw et al. (2010) .
Seedling emergence and habitat type
In accordance with our predictions, we found more seedlings in snowbeds than in sheltered heaths. In addition, we expected that a certain disturbance level would result in more seedlings emerging in snowbeds than in sheltered heaths, as the seed rain is higher and germination conditions comparatively better in snowbeds than in sheltered heaths where seedling emergence may be hindered by environmental constraints such as drought (Welling & Laine 2002) . We also found that rodent activity was higher in snowbeds compared to sheltered heaths, but in contrast to our expectations, no interaction between rodent activity and habitat was found. Our results are in concordance with Olofsson et al. (2005) , who found no difference in the impact of experimental disturbance on recolonization in low (heath) and high (birch forest) productive mountain habitats, but in contrast to Evju et al. (2012) , who found a larger increase in seedling numbers in sheltered heaths than in snowbeds after severe experimental disturbance. The lack of a significant rodent activity-habitat interaction could be due to within-habitat differences of snowbeds in our study. The snowbeds in the study ranged from productive, dominated by graminoids and forbs with a high seedling emergence, to late-melting and less productive snowbeds dominated by mosses and Salix herbacea, where fewer seedlings are expected to emerge (Welling & Laine 2000) . The latter is a preferred winter habitat for lemmings, and is thus expected to have high rodent activity (Moen et al. 1993) . The small, though significant, negative interaction between rodent activity and moss cover in the low-density year points to lower seedling numbers in plots with a high moss cover and high rodent activity, compared to plots with a low moss cover and high rodent activity. This further indicates that variable seedling numbers in snowbeds, due to within-habitat differences, could contribute to explaining the absence of rodent activity-habitat interactions. Additionally, the 2012 records in Dovrefjell (especially in two of the sites) were carried out shortly after snowmelt (Appendix S3), and several snowbed plots were waterlogged; thus, seedling emergence in snowbed plots may be somewhat underestimated.
Even though the overall rodent activity was higher in snowbeds compared to sheltered heaths, the relatively high rodent activity recorded in both habitats (Fig. 3a,b) suggests that additional factors contribute to limit seedling emergence. Relevant factors are seed availability and gap quality (Grubb 1977; Dullinger & H€ ulber 2011) . The total number of seedlings varied largely among the study plots, also within habitats (Appendices S4 and S5), and in some plots no seedlings were present at all despite high rodent activity. Such a large spatial variation in seedling abundance is a common feature in arctic-alpine (Forbis 2003) as well as in other systems (Aguiar et al. 1992) . The spatial structure of seeds, including both the seed rain and the seed bank, is highly clumped and heterogeneously distributed in space (Rusch & Fern andez-Palacios 1995; Molau & Larsson 2000) . Shelter effects of microrelief or neighbour plants, resulting in a highly variable microclimate within short distances, might also contribute to the clumping of seedlings (Diemer 1992; Graae et al. 2012 ).
This study shows that rodent dynamics are an important structuring factor of the vegetation through recruitment. Studies, including data on the species identity of seedlings and the mature vegetation, would further help to understand the effect of rodent disturbances and of the loss of rodent population peaks (Ims et al. 2008; Kausrud et al. 2008 ) on species assemblage processes, species richness patterns and the invasibility of alpine plant communities. Knowledge about these processes is also important in order to understand the effects of drivers such as climate change, which may enhance the rate of change in alpine vegetation.
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